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ABSTRACT OF THE DISCLOSURE

A combustion head, particularly for gun-type oil burn-
ers, adapted to be readily installed or removed from the
front end of the blast tube, having a forwardly converging
cone portion terminating in an exit orifice, and a periph-
erally slotted swirl plate which tightly fits in the rear end
of the cone portion. A swirl chamber is defined between
the front surface of the swirl plate and the orifice, in
which a fuel nozzle may be positioned.

This invention relates to oil burner combustion head
apparatus, and more particularly to such an apparatus for
use with conventional and existing gun-type oil burners.

An object of this invention is to provide an apparatus
of the character described wherein a swirl plate, and a
support member are preassembled into a subassembly
which may be simply and easily removed from or inserted
into the open front end of an oil burner air blast tube
without the use of any special tools, and without the
need for any special skill.

Another object of this invention is to provide an appa-
ratus of the character described wherein the flame pro-
duced from the combustion head is short and compact,
whereby the apparatus is particularly suitable for use in
conversions, that is, converting furnaces, which may have
been built to burn other fuels and which may have rela-
tively small fireboxes, or, in effect, no fireboxes, to burn
oil.

Still another object of this invention is to provide an
apparatus of the character described comprising an air
swirl plate provided with a plurality of tangential swirl
slots around the periphery thereof, which slots are in-
clined inwardly towards and at an angle to the oil burner
air blast tube axis. The outer peripheral surfaces of the
lands between said slots describing a truncated cone
having an imaginary apex located forwardly of the ap-
paratus on or closely adjacent to the air blast tube axis,
that is, in the oil-air mist produced by the apparatus. Said
apparatus further comprising means including a mating
conical surface in contact with the peripheral surfaces
of said lands, whereby the air in the blast tube entering
said slots has its flow changed from a direction parallel
to the air blast tube axis to directions defined by said
mating conical surface and the inclination of the slots,
simultaneously. Upon exiting from said slots, the air,
due to its own centrifugal force caused by its swirling
motion, is compressed against said mating conical surface
forwardly of the swirl plate and moves to the orifice of
the combustion head, at which time the speed of swirl
has been increased due to the progressively decreasing
diameter of said mating conical surface. The nozzle is
positioned so that the oil spray is drawn into the swirling
air before it exits through the orifice to thereby cause
thorough mixing of the oil and air.

Still another object of this invention is to provide an
apparatus of the character described wherein the above
advantage of thorough mixing of oil and air is achieved
both when firing the burner into a furnace combustion
chamber, and when firing the burner without such a
chamber.

Yet another object of this invention is to provide an
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apparatus of the character described comprising sharp
edged orifice means at the front end of the mating coni-
cal surface, forwardly of the nozzle, whereby the swirling
air is forced into a vena contracta, which is formed for-
wardly of the nozzle, to cause more intimate intermixing
between the air and the oil droplets or mist issuing from
the nozzle. After passing through the vena contracta, the
air forms itself in a diverging cone, and this cone may
approximate the shape of the diverging cone of oil mist
or droplets coming from the nozzle, whereby the oil
droplets are constantly surrounded with the air required
for complete burning.

The above and other objects and advantages of the
present invention will in part become apparent and will
in part be pointed out in the following detailed descrip-
tion, reference being had to the accompanying drawing
forming a part thereof in which:

FIG. 1 is a side elevational view of the front end of an
oil burner air blast tube having a combustion head em-
bodying the invention mounted therein, with some parts
broken away and in cross-section;

FIG. 2 is a front elevational view thereof;

FIG. 3 is a cross-sectional view taken on line 3—3 of

FIG. 1;

FIG. 4 is a cross-sectional view taken on line 4—4 of
FIG. 3;

FIG. 5 is a front elevational view of the swirl plate;

FIG. 6 is a partial cross-sectional view taken on line
6—6 of FIG. 5; and

FIG. 7 is a view similar to FIG. 4 showing another
construction.

Referring now in detail to the drawing, 10 designates
an apparatus embodying the invention. Arparatus 10 com-
prises an air blast tube 12 of conventional construction in
gun-type oil burners. Tube 12 is open at its front end and
comprises a front annular surface 14.

Removably mounted in the front open end of air blast
tube 12 is a combustion head assembly 16 comprising the
invention. Assembly 16 consists of a swirl plate 18 and a
support member 20. Thus, the entire combustion head
can be easily removed from or assembled into new or
existing gun-type oil burners, which permits easy con-
versions or servicing. Support member 20 may be fabri-
cated as a one-piece sheet metal weldment as shown, or
in two parts, a front plate and a cone, or in any other
suitable manner. Support member 20 comprises a front
plate portion 22, having an outer peripheral bead 24
which bears against annular surface 14 of air blast tube
12. Extending axially rearwardly from the junction of
plate portion 22 and bead 24 is an axial flange portion
26 which is in close fitting contact with the front inside
surface of tube 12, Means are provided to removably
secure assembly 16 within the front open end of tube
12, and may conveniently comprise a set screw 27 thread-
ly mounted in a suitable threaded opening in tube 12
to bear against flange portion 26. Bead 24 and flange por-
tion 26 are notched out as at 28 to provide an oil drain.
As is well known in this art, the blast tubes of gun-type
oil burners are tilted or canted slightly forwardly and
downwardly, an angle of 3° is common, for purposes of
safety, so that any raw unburned oil will drain out of
the front end of the tube, and not collect therein, which
would create a fire or explosion hazard,

Plate portion 22 is formed with a central opening 30.
As is well known in this art, the heat output capacity
of the burner is determined by the oil output capacity of
the nozzle, and the air output of the blower, not shown,
in combination with the diameter of opening 39. It is with-
in the scope of the invention that the combustion head
can be used with a wide range of sizes of burners and noz-
zle capacities, the physical dimensions of the parts being
adjusted accordingly.
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Extending rearwardly and radially outwardly from the
edge of front plate portion 22 at opening 30 is a truncated
cone portion 32. Extending axially rearwardly from the
rear end of cone portion 32 is an axial flange portion 34,
having an outer diameter substantially equal to the inside
diameter of tube 12 so as to fit snugly therein, and also
substantially equal to the largest diameter of cone por-
tion 32.

Swirl plate 18 seats in the largest diameter of cone
portion 32 adjacent to and forwardly of axial flange por-
tion 34. Plate 18 comprises an outer peripheral conical
surface 36 which is substantially the same shape as the
inside surface of cone 32. Plate 18 is flat, disposed sub-
stantially perpendicular to the axes of tube 12 and support
member 20, and comprises a rear surface 38 and a front
surface 40. The thickness of the plate is the shortest dis-
tance between said front and rear surfaces, and is sub-
stantially less than the axial length of cone portion 32.
Means are provided to hold plate 18 wedged in against
the rear portion of cone 32, and may comprise small
knock-outs 42 in flange portion 34 as shown, swagged
portions, or any other suitable means. As shown in FIG.
3, the position of notch 28 coincides with one of the
knock-outs 42 and passes therethrough, but the notch 28
could be positioned between two knock-outs 42.

The space between front surface 40 and front opening
30, and bounded by the front part of cone portion 32,
defines a swirl and mixing chamber 44, the operation of
which will be described more in detail below-

Means are provided to introduce oil in the form of
droplets or a mist into chamber 44. To this end, a nozzle
could be positioned in the chamber by struts, with the
supply pipe passing through cone 32, or the oil could
be introduced in any other suitable manner. Also, the
oil could be added at a place other than the chamber 44,
ie., the assembly 16 could be used with one fluid or a
mixture. However, in the embodiment shown, plate 18 is
formed with a central through opening 46 which receives
a nozzle 48 which is mounted on the front end of an oil
supply pipe 50 disposed axially in tube 12. As is con-
ventional in this art, pipe 50 is also supported in the
conventional manner at its rear end at the rear end of
the burner. Nozzle 48 may be of any conventional design.

Means are provided to ignite the air-oil mist, and to pro-
vide a safety against a flame-out. To this end, a blind
threaded opening 52, which receive a mounted screw
54, extends forwardly into plate 18 from rear surface
38. Mounted between the head of screw 54 and rear sur-
face 38 is an electrode supporting yoke 56. Yoke 56
comprises a central web portion 58 and a pair of split elec-
trode supporting collars 60 each provided with a pair
of legs 62 and a tightening screw 64. An electrode 66
passes through each collar 60 and a registering opening
68 in plate 18. Each electrode 66 comprises an outer
hollow cylindrical casing 70 of porcelain or other suit-
able electrical insulating material, inside of which is a
conductor core 72, provided with an arc terminal 74 at
its front end. The front ends of terminals 74 are in a
predetermined spaced relation to each other slightly for-
wardly of the front end of the nozzle 48. Means not
shown are provided to create an electrical arc across
terminals 74 to ignite the air-oil mist produced by the
apparatus, and other means are provided to protect
against flame-out, in the usual manner. Any other suitable
means, such as igniters mounted on the outside of the
blast tube, can be used in place of the above structure,
but the structure described is preferred because it makes
a compact burner.

Swirl plate 18 is formed with a plurality of tangential
swirl slots 76 extending inwardly from outer conical sur-
face 36. The axes of slots 76 are inclined inwardly and
forwardly towards and at an angle to the axis of tube 12,
so that the air passing through said slots will swirl or
spin through chamber 44 as it moves towards opening 30.
In the drawing, plate 18 has eight slots 76, however, it

3,404,844

10

15

20

30

40

55

60

65

70

75

T

will be understood that either more or fewer slots can be
provided depending upon the particular application of the
apparatus, as will be evident to those skilled in this art.

Each slot 76 functions in a way similar to a nozzle
in that the slot, in combination with the adjacent portion
of cone 32, forms an air passage closed on four sides
which decreases in cross-sectional area from rear surface
38 towards front surface 40. Each such passage is defined
by a short flat side wall 78 (see FIG. 6), a long flat side
wall 80, (see lower portion of FIG. 4), a flat bottom
wall 82 interconnecting the inner ends of side walls 78
and 80, and the portion of cone 32 opposite the bottom
wall. The short and long side walls 78 and 80 are gen-
erated because the axis of the passage, defined by but
spaced from the center line of bottom wall 82, is at an
angle to the axis of the blast tube.

In operation the burner includes a conventional air
blower means (not shown) to blow air through the blast
tube until it impinges upon rear surface 38 of the swirl
plate 18. If necessary or desired, air deflector means such
as a plate or the like, not shown, can be mounted on oil
pipe 50 rearwardly of the swirl plate.

All of the air coming through the tube is directed
through these passages. The air in the tube is not dis-
rupted from its parallel, laminar flow until it reaches the
swirl plate, and at that time it is simultaneously changed
to a flow which is both spinning and conical, converging
towards opening 30. This is an advantage over prior ap-
paratuses which have two separate means spaced from
each other in the blast tube to impart first spin and then
conical flow or vice versa, since the flow component im-
parted by the first means is somewhat dissipated by the
time the air reaches the second means to have the second
component imparted to it. The passages, acting somewhat
like nozzles, simultaneously impart additional speed to
the air, and cause it to swirl because of their inclination
to the axis of the blast tube, and create a blanket of air
swirling against the inside surface of cone portion 32
within chamber 44. The centrifugal force of the air in
combination with the decreasing cross-sectional area of
chamber 44 still further increases the speed of the blanket
of air causing it to compress itself even more against
cone 32. A semi-evacuated or low-pressure zone is created
by said swirling blanket of air within chamber 44 because
the spinning blanket of air tends to draw the air in its
vortex or center region into itself. When the swirling
blanket of air reaches positions on the cone forwardly
of the front end of the nozzle 48, it will tend to draw
the oil mist produced from the nozzle into itself because
of the aforesaid semi-vacuum condition, thus causing im-
proved atomization or particulation of the oil hence
causing intimate intermingling of the oil and the air, to
result in efficient burning of the oil.

When the air blanket and oil mist reaches orifice 30,
the centrifugal force will tend to throw the air-oil mist
outwardly thus creating a compact, short flame. This
short flame is advantageous particularly in conversion
applications, that is, when using the apparatus of the
present invention to convert a furnace which was designed
for some other fuel to burn oil, which furnace may have
a small firebox, or, in certain applications, no effective
firebox.

In FIG. 7 is shown a modified construction 10z in
which parts similar to corresponding parts in the first em-
bodiment are indicated by the same reference number fol-
lowed by “a.” In place of orifice 30, support member 20a
comprises an orifice 84 which is defined by a sharp-
edged annular flange 86 extending inwardly from the
junction of cone portion 32a and front wall portion 22a.

In operation, the swirling or spinning blanket of air
moving forwardly on the inside surface of cone portion
324 will be interrupted by flange 86 which is positioned
in its path of exit from the cone, and in forwardly spaced
relation to the nozzle. Flange 86 will thus force the air-
oil mist into a vena contracta before it exits from the
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apparatus. This vena contracta will cause thorough inter-
mixing of the air and oil particles. The sharp-edged ori-
fice construction of FIG. 7 is particularly useful in certain
applications such as where a nozzle having a relatively
narrow included spray angle is used. In all other aspects,
the construction of FIGS. 1 to 6 is considered substan-
tially equivalent to the construction of FIG. 7, and both
constructions are equally preferred at present.

While the invention has been described in some detajl
above, this description is to be considered exemplary
only, and it is to be understood that the protection granted
is to be limited only within the spirit of the invention and
the scope of the following claims.

I claim:

1. In a combustion head, the combination comprising a
two-part assembly comprising a support member and a
swirl plate, said support member comprising a front plate
portion formed with a central orifice, swirl chamber form-
ing means comprising a cone portion of said support
member having its smallest diameter front end joined to
said plate portion at said orifice, and means on said sup-
port member at the rear end of said cone portion to
removably hold said swirl plate wedged against the rear-
most portion of said cone portion, whereby said two-part
combustion head assembly may be mounted into and dis-
mounted from the air blast tube of an oil burner from
the front open end of said air blast tube.

2. The combination of claim 1, said swirl plate having
an axial length less than the axial length of said swirl
chamber and ‘being formed with a plurality of peripheral
openings inclined forwardly towards and at an angle to
the combustion head axis, and the portions of said swirl
plate between said openings being in closely abutting rela-
tion to said cone portion, whereby each of said openings
in combination with said cone portion comprises a sepa-
rate passage.

3. The combination of claim 2, each of said openings
being so formed that the cross-sectional area of each of
said passages decreases in planes perpendicular to said
axis from rear to front of said swirl means.

4. The combination of claim 2, an axial flange extend-
ing rearwardly from the rearmost largest diameter of said
cone portion, and said swirl plate holding means com-
prising a plurality of spaced axially inwardly offset por-
tions of said flange, whereby said swirl plate may be re-
moved from said cone portion by turning said plate about
said axis with respect to said cone portion until said open-
ings are aligned with said offset portions, whereupon said
plate may be moved axially rearwardly out of said cone
portion.

§5. The combination of claim 2, each of said swirl plate
openings being defined by a bottom flat surface disposed
in spaced relation to the conical peripheral surface of said
swirl plate and by a pair of flat side walls extending per-
pendicularly from the sides of said bottom surface to said
conical peripheral surface of said swirl plate, and said
bottom surface describing an angle to a plane perpen-
dicular to said axis larger than the included angle of the
cone described by said conical chamber in a plane con-
taining the axis of said cone.

6. The combination of claim 1, in combination with

10

15

20

25

30

40

60

6

the air blast tube of an oil ‘burner, said cone portion hav-

/ing a rearmost largest diameter substantially equal to the

inside diameter of said blast tube, whereby the air pass-
ing through said blast tube will pass through said swirl
plate and said swirl chamber.

7. The combination of claim 6, said swirl plate being
formed with a central opening, and a nozzle positioned in
said opening with its front end located within said cham-
ber in spaced relation to said orifice.

8. The combination of claim 7, said swirl plate having
an axial length less than the axial length of said swirl
chamber and being formed with a plurality of peripheral
openings inclined forwardly towards and at an angle to
the combustion head axis, and the portions of said swirl
plate between said openings being in closely abutting re-
lation to said cone portion, whereby each of said openings
in combination with said cone portion comprises a sepa-
rate passage.

9. The combination of claim 8, an axial flange portion
extending rearwardly from the rearmost largest diameter
of said cone portion, and said swirl plate holding means
comprising a plurality of spaced axially inwardly offset
portions of said flange portion, whereby said swirl plate
may be removed from said cone portion by turning said
plate about said axis with respect to said cone portion
until said openings are aligned with said offset portions,
whereupon said swirl plate may be moved axially rear-
wardly out of said cone portion.

10. The combination of claim 7, an axial flange extend-
ing rearwardly from said front plate portion, said axial
flange having an outside diameter substantially equal to
the inside diameter of the front end of said air blast tube,
an annular bead on said front plate portion in contact
with the front edge of said air blast tube, and removable
securing means passing through said air blast tube to con-
tact said axial flange.

11. The combination of claim 8, each of said swirl
plate openings being defined by a bottom flat surface dis-
posed in spaced relation to the conical peripheral surface
of said swirl plate and by a pair of flat side walls extend-
ing perpendicularly from the sides of said bottom surface
to said conical peripheral surface of said swirl plate, and
said bottom surface describing an angle to a plane per-
pendicular to said axis larger than the included angle of
the cone described by said conical chamber in a plane
containing the axis of said cone.
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